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Abstract 

Background: An altered intestinal mucosal barrier has been demonstrated in subsets of patients with IBS and FAP 
and may be an additional biological factor contributing to symptom generation in children with FD. The objective 
of this study was to determine if intestinal permeability is increased in children/adolescents with functional 
dyspepsia (FD) and whether intestinal permeability is correlated with mucosal inflammation and/or symptoms of 
anxiety or depression in this population. 

Methods: A sugar absorption test was performed in 19 patients with FD and 19 controls. Anxiety and depression 
were assessed in both groups utilizing a standard questionnaire. In FD patients, duodenal mean and peak mast cell 
and eosinophil densities were determined. 

Results: Intestinal permeability as measured by the sugar absorption test did not differ between children with FD 
and controls. In children with FD, there was no correlation between permeability and mast cell density, eosinophil 
density, anxiety scores, or depression scores, respectively. 

Conclusions: Pediatric FD does not appear to be associated with increased small bowel intestinal permeability, 
however, there are some limitations to the current study. 

Trial registration: ClinicalTrials.gov; NCT00363597. 
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Background 

Recurrent abdominal pain is a common complaint among 
school- age children, being present in 13 to 17% at any 
given time [1]. It represents the most common chronic 
pain entity in pediatric patients. The great majority of 
these patients can be diagnosed with a functional gastro- 
intestinal disorder (FGID) [2,3]. As established by Rome 
III, there are four FGIDs related to abdominal pain in chil- 
dren including irritable bowel syndrome (IBS), functional 
dyspepsia (FD), abdominal migraines, and functional ab- 
dominal pain (FAP) [4]. FD is defined as upper abdominal 
pain or discomfort unrelieved by defecation and in the 
absence of a structural or biochemical explanation for the 
pain [4]. FD, alone or in combination with irritable bowel 
syndrome, is present in 45-87% of children/adolescents 
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referred to pediatric gastroenterologists for evaluation of 
chronic abdominal pain [1-3]. 

An altered intestinal mucosal barrier has been demon- 
strated in subsets of patients with IBS and FAP and may 
be an additional biological factor contributing to symp- 
tom generation in children with FD [5-7]. Barrier dys- 
function results from alteration of the tight junctions 
between epithelial cells which normally control the pas- 
sage through the paracellular space. Barrier dysfunction 
allows greater antigenic exposure and can facilitate mu- 
cosal inflammation. To our knowledge, intestinal perme- 
ability associated with barrier dysfunction has not been 
previously evaluated in patients with FD. However, bar- 
rier dysfunction can result from several factors which 
may be relevant to FGIDs, including FD, such as chronic 
stress, bacterial antigens, intestinal anaphylaxis, mast cell 
activation and cytokines related to allergic or T helper 2 
(TH2) responses [5]. Intestinal barrier dysfunction has 
been demonstrated in children with food allergy even 
when asymptomatic on a food elimination diet [8]. 
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This study was an initial exploration of the presence of 
intestinal permeability in a pediatric population diagnosed 
with FD. The specific aims of this study were as follows: 
1) to compare small bowel permeability between children 
with FD and healthy children; 2) to explore the relation- 
ship between intestinal permeability and mucosal eosino- 
phil and mast cell densities, respectively, in children with 
FD; and, 3) to explore relationships between intestinal per- 
meability and anxiety and depression scores, respectively, 
for children with FD and healthy children. Understanding 
these relationships would help clarify the role of intestinal 
permeability in symptom generation in FD, as well as 
provide information on potential additional targets for 
treatment in this population. 

Methods 

Participants 

Patients were candidates for inclusion in this study if they 
had been diagnosed with functional dyspepsia who were 
aged 8-17 years (inclusive), had a demonstrated a lack of 
clinic response to acid-reduction therapy, and were under- 
going endoscopy to evaluate FD. Patients were excluded 
from the study if any of the following criteria were 
present: 1) previous abdominal surgery; 2) any chronic 
non-gastrointestinal illness requiring regular medical care 
(e.g., diabetes mellitus, juvenile rheumatoid arthritis, cystic 
fibrosis, cancer); 3) any history of an adverse reaction to 
lactulose or mannitol; 4) any use of aspirin within one 
week prior to the study; 5) any use of antacids or laxatives 
within 1 week prior to the study; 6) any use of steroids, 
antihistamines or antihistamine-like drugs within 4 weeks 
prior to the study; 7) any use of antibiotics within 4 weeks 
prior to the study; 8) pregnancy; or, 9) non-English speak- 
ing. Fifty-five patients were approached and 22 patients 
agreed to participate in the study, yielding a 40% recruit- 
ment rate. Three patients who participated in the study 
demonstrated pathology on biopsy and were excluded 
from data analysis, leaving 19 participants in the patient 
group (13 females, 6 males; mean age = 13 ± 2.5 years). Of 
these, one patient also was found to have eosinophilic 
esophagitis on biopsy, but was retained in the study as this 
was not an exclusion criterion. 

For the control group, all respondents aged 8-17 years 
(inclusive) were candidates for inclusion in the study. In 
addition to the exclusion criteria noted above, control par- 
ticipants were not admitted to the study if there was any 
history of gastrointestinal symptoms (including abdom- 
inal pain or discomfort, nausea, vomiting, bloating, diar- 
rhea, or constipation) within the previous six months. 
Twenty-four potential control participants responded to 
the study advertisement. Twenty-one of the respondents 
met eligibility criteria. Of these, two refused, leaving 19 
controls enrolled in the study (10 females, 9 males; mean 
age = 13 ± 2.6). 



Measures 

Intestinal permeability 

Intestinal permeability is measured by evaluating absorp- 
tion of macromolecules which are not typically absorbed 
across intestinal cells, but may pass through the paracellular 
space when tight junction disruption is present [5]. Lactu- 
lose is a non-digestible sugar and is absorbed through the 
paracellular space following damage to the tight junction; it 
is then rapidly metabolized by colonic bacteria upon entry 
into the colon.As such, lactulose often is utilized to test 
intestinal permeability as part of a Sugar Absorption Test 
(SAT) [5]. Mannitol is a monosaccharide that is readily 
absorbed through the transcellular pathway and is used to 
control for mucosal (e.g. intestinal surface area) and non- 
mucosal (e.g. gastric empting, intestinal transit, and im- 
paired renal function) factors which may affect lactulose 
absorption and metabolism. Sucrose is added to make a 
hyperosmolar solution which has been shown to also im- 
prove sensitivity of the test. In the SAT procedure, urine is 
collected for 5 hours following administration of an oral 
lactulose/mannitol/sucrose solution. The concentration of 
lactulose and mannitol in the urine is determined and re- 
sults are expressed as the ratio of lactulose to mannitol. An 
increased ratio indicates increased paracellular permeability 
due to tight junction dysfunction. 

Urinary excretion of lactulose and mannitol was deter- 
mined in the Toxicology Laboratory, CMH, KC, MO 64108 
using an enzymatic method (available from INstruchemie, 
AC Delfzijl, The Netherlands) adapted to the V-Twin auto- 
mated chemistry analyzer. Recovery of the sugar probes 
were expressed both quantitatively and as the lactulose/ 
mannitol ratio. A urine creatinine was determined in 
order to express quantitative results in mmol/mol creatin- 
ine. Urine creatinine was performed in the Toxicology 
Laboratory, Childrens Mercy Hospital using the V-Twin 
automated chemistry analyzer. 

Gastrointestinal eosinophils and mast cells 

Eosinophil density was determined from the routine 
histology slides (hematoxylin and eosin stain) by count- 
ing eosinophils beginning in what appeared to be the 
most involved area after scanning the entire specimen. 
Five consecutive fields (400 x magnification) were evalu- 
ated. Peak count was defined as the highest count of the 
five fields, while mean count was defined as the average 
of the five fields. 

Mast cell density was evaluated utilizing immunohisto- 
chemical techniques. Serial 3-(im paraffin sections were 
air dried and heat fixed on slides. The sections were 
deparaffinized with xylene and iodine and rehydrated in 
a graded series of alcohol. Sections were stained on an 
automated Dako Autostainer 3400 using Dako s LSAB + 
kit with streptoavidin conjugated to horseradish peroxid- 
ase. The antibody utilized was tryptase monoclonal mouse 
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antihuman mast cell tryptase, clone AAl, Dako. Mast cell 
density was determined by counting mast cells beginning 
in what appeared to be the most involved area after scan- 
ning the entire specimen. Five consecutive fields (400x 
magnification) were evaluated. Peak count was defined as 
the highest count of the five fields, while mean count 
defined as the average of the five fields. 

Anxiety and depression 

Symptoms of anxiety and depression were assessed using 
the Behavioral Assessment System for Children (BASC) 
[9]. The BASC is a paper-and-pencil questionnaire asses- 
sing psychosocial functioning in youth with different 
versions available for children (ages 8-11 years), adoles- 
cents (ages 12-18 years), and parents (different versions 
for parents of children 6-11 years and 12-18 years). The 
BASC has demonstrated criterion-related and construct 
validity, has good internal consistency for most individ- 
ual subscales, and is widely used in both clinical and 
research settings [9]. Standardized T scores for anxiety 
and depression were used for the present study. 

Procedures 

This pilot study was a single-site, case-controlled, single- 
blind observational design. Participants for the patient 
group were recruited in a single hospital-based clinic 
specializing in the evaluation and treatment of children 
with chronic or recurrent abdominal pain. Participants 
for the control group were recruited by advertisement at 
the same hospital. Informed parental permission and 
participant assent were obtained prior to the initiation of 
any study procedures. 

The study involved one visit to the hospital-based gastro- 
enterology clinic. After providing informed parental per- 
mission and participant assent, all participants completed 
the Behavior Assessment System for Children (BASC) 
and then underwent a differential sugar absorption test 
(SAT) using lactulose/mannitol/sucrose solution to evalu- 
ate intestinal permeability. Participants emptied their 
bladders immediately prior to the start of the SAT and 
then ingested 2 mL/kg (maximum 100 ml) of the sugar 
solution. The SAT solution contained 5 grams lactulose, 
2 grams mannitol and 40 grams sucrose dissolved in 
demineralized water for a total volume of 100 mL. Partici- 
pants did not eat or drink for 2 hours following ingestion 
of the sugar solution. After 2 hours, participants could 
consume any fructose-free foods and were asked to con- 
sume at least 1 cup of water hourly. Urine was collected 
for 5 hours following administration of the lactulose/ 
mannitol solution. Finally, for participants in the pa- 
tient group only, an endoscopy with biopsy was per- 
formed on a separate day as part of standard care and a 
minimum of 4 mucosal biopsies were obtained from 
the duodenum for later evaluation. 



All study personnel performing procedures and asses- 
sing outcomes were blinded to group assignment. The 
study protocol was approved by the Children's Mercy 
Kansas City Institutional Review Board. 

Sample size 

A priori analysis provided a sample size estimate of 18 
per group which would allow 80% power to detect a dif- 
ference for mean permeability between 0.015 and 0.045 
assuming a standard deviation of 0.03. 

Statistical analysis 

Independent-sample t- tests (2-tailed) were used to 
evaluate mean differences in the lactulose/mannitol ratio 
in the patient group compared to the control group. In 
the FD patients, Pearson correlation coefficients were 
calculated and used to evaluate associations between the 
lactulose/mannitol ratio and mast cell and eosinophil 
densities, as well as the BASC anxiety and depression 
subscale scores, respectively. 

SPSS 18.0 for Windows computer program, SPSS Inc. 
Chicago, IL was used to complete the analyses. All ana- 
lyses used a set significance limit of a = 0.05. 

Results 

Intestinal permeability in FD versus controls 

Mean values for the lactulose/mannitol ratio (L/M) did 
not differ between FD patients and controls (0.034 ± .01 
vs. 0.032 ± .01, p = .141). Only one FD patient had a L/M 
ratio exceeding the mean plus two standard deviations 
for the control subjects. 

Intestinal permeability in relation to mast cell and 
eosinophil densities 

Mean mast cell density ranged from 7.2 to 27.6 cells/hpf 
(mean 16.0) and peak mast cell density ranged from 8 to 
34 cells/hpf (mean 22.0). Mean eosinophils ranged from 
7.2 to 54.2 cells/hpf (mean 24.6) and peak eosinophils 
ranged from 12 to 76/hpf (mean 38.8). There were no 
significant correlations between L/M and mast cell or 
eosinophil densities. 

Intestinal permeability in relation to anxiety and 
depression 

Mean values for anxiety differed significantly between 
FD patients and controls for parent-report (55.8 ±11.0 
vs. 46.4 ±10.0, p = .01), but not for self-report (51.2 ± 
11.2 vs. 44.7 ±9.2, p = .06). Mean values for depression 
also differed significantly between FD patients and con- 
trols for parent-report (51.4 ± 9.5 vs. 44.7 ± 9.0, p = .03), 
but not for self-report (47.1 ± 5.7 vs. 44.6 ± 2.5, p = .09). 
There were no significant correlations between L/M and 
scores on the anxiety or depression subscales based on 
parent- or self-report. 
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Discussion 

In the current study, FD does not appear to be associ- 
ated with abnormal small bowel permeability. This 
stands in contrast to previous findings supporting alter- 
ation in the intestinal mucosal barrier in IBS and FAP. 
This suggests that either FD is not associated with altered 
permeability or perhaps, if there is a permeability abnor- 
mality, the anatomic sight is different from these other 
FGIDs. This latter explanation remains a possibility given 
that anatomic differences have been noted between FD 
and IBS with regards to location for inflammation, dysmo- 
tility, and visceral sensitivity. 

The intestinal barrier is highly regulated by immune 
factors and increased permeability has been seen in 
other conditions associated with inflammation, such as 
Crohn's disease and Celiac disease [10-13]. Mucosal eo- 
sinophilia has been implicated as a potentially significant 
factor in FD. Tafley and cofleagues found that FD in 
adults is associated with a significant increase in duo- 
denal eosinophils as compared to controls [14]. Consist- 
ent with this, our own research group found duodenal 
mucosal eosinophilia (defined as a peak count of >20 
eos/hpf ) in 79% of children undergoing endoscopy with 
mucosal biopsy for evaluation of FD [15]. FD also has 
been associated with a significant increase in antral mast 
cefls in adults [16]. Importantly, barrier dysfunction is 
associated with increased IL-4 and decreased IFN-5 
expression in the gut mucosa (consistent with a TH2 
response) [17]. Thus, the potential relationship between 
intestinal permeabflity and inflammation, as defined by 
mast ceU and eosinophil densities, also was explored. 
However, no relationship was found, seeming to indicate 
that altered permeability is not a mechanism by which 
mast ceUs or eosinophils contribute to symptom gener- 
ation in FD. However, it also is possible that the inflam- 
mation in FD is limited to a short enough segment of 
the proximal gastrointestinal tract that the L/M ratio, 
influenced by permeability across the entire small bowel, 
may not be a sensitive enough measure. There may be 
value in future assessment of the relationship between 
structural proteins related to permeability, such as zonu- 
lin or occludin, and inflammatory cell density in the 
proximal small bowel of FD patients. 

Finally, there is an increasing body of evidence that 
stress, both acute and chronic, affects intestinal barrier 
function [18-20]. This pathway appears to be mediated 
by the release of corticotropin releasing hormone with 
subsequent activation of mucosal mast cells [19,21]. In 
the current study, however, no correlation was found 
between intestinal permeability and scores for anxiety or 
depression, respectively. Alteration of the mucosal bar- 
rier as indicated by the L/M ratio does not appear to 
be the mechanism by which anxiety and depression 
contribute to symptom generation in FD. 



Limitations 

The sample size chosen for the current study was calcu- 
lated to be able to detect a 3-fold difference in the L/M 
ratio. It is possible that a lesser difference would be 
physiologically relevant and that the sample size was too 
small to detect such differences. Although we evaluated 
for allergic inflammation (i.e. eosinophil and mast cell 
density) in the FD patients, a deficiency in the current 
study was that history regarding food allergy was not 
obtained in either FD patients or controls. It is possible 
that the effects of food allergy on permeability are inde- 
pendent of eosinophil and mast cell density. Lastly, it is 
possible that permeability abnormalities, if present in 
FD, are more localized to the duodenum and therefore 
not reflected by the sugar absorption test. 

Conclusions 

Increased small bowel permeability does not appear to be 
a biomarker of FD in children even in the presence of ele- 
vated mast cell density, eosinophil density, anxiety scores 
or depression scores. However, given the limitations of the 
current study, future studies will be needed with a larger 
population, controlling for food allergy, and assessing 
whether more focal barrier disruptions are present (e.g. 
utilizing a Ussing chamber) before making any definitive 
conclusion regarding a potential role for barrier dysfunc- 
tion in the pathophysiology of FD. 

Abbreviations 

FGID: Functional gastrointestinal disorder; IBS: Irritable bowel syndrome; 
FD: Functional dyspepsia; FAP: Functional abdominal pain; SAT: Sugar 
absorption test; BASC: Behavioral assessment system for children; 
ROC: Receiver operating characteristic; L/M: Lactulose/mannitol ratio. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

All authors contributed to study design, data analysis, and manuscript 
writing. NN and UG developed and/or performed laboratory methods. All 
authors read and approved the final manuscript. 

Acknowledgements 

Portions of this work were presented at the annual meeting of the North 
American Society for Gastroenterology, Hepatology and Nutrition in October 
2010 (New Orleans, LA). 

Author details 

^Division of Pathology and Laboratory Medicine, Children's Mercy Hospitals & 
Clinics, Kansas City, USA. ^Division of Developmental and Behavioral Sciences, 
Children's Mercy Hospitals & Clinics, Kansas City, USA. ^Division of 
Gastroenterology, Hepatology, & Nutrition, Children's Mercy Hospitals & 
Clinics, 2401 Gillham Road, Kansas City, MO 64108, USA. 

Received: 11 June 2013 Accepted: 17 April 2014 
Published: 1 May 2014 

References 

1. Hyams JS, Burke G, Davis PM, Rzepski B, Andrulonis PA: Abdominal pain 
and irritable bowel syndrome in adolescents: a community-based study. 

Pediatrics 1996, 129:220-226. 

2. Walker LS, Lipani TA, Greene JW, Caines K, Stutts J, Polk DB, Caplan A, 
Rasquin-Weber A: Recurrent abdominal pain: symptom subtypes based 



Neilan et al. BMC Research Notes 2014, 7:275 Page 5 of 5 

http://www.bionnedcentral.conn/1 756-0500/7/275 



on Rome II criteria for pediatric functional gastrointestinal disorders. 

J Pediatr Gastroenterol Nutr 2004, 38:1 87-1 91 . 

3. Schurman JV, Friesen CA, Danda CE, Andre L, Welchert E, Lavenbarg T, 
Cocjin JT, Hyman PE: Diagnosing functional abdominal pain with the 
Rome II criteria: parent, child, and clinician agreement. J Pediatr 
Gastroenterol Nutr 2005, 41:291-295. 

4. Rasquin A, DiLorenzo C, Forbes D, Guiraldes E, Hyams JS, Staiano A, Walker LS: 
Childhood functional gastrointestinal disorders: child/adolescent. 
Gastroenterology 2006, 1 30:1 527-1 537. 

5. Camilleri M, Gorman H: Intestinal permeability and irritable bowel 
syndrome. Neurogastroenterol Motil 2007, 19:545-552. 

6. Schulman RJ, Eakin MN, Czyzewski Dl, Jarrett M, Ou C-N: Increased 
gastrointestinal permeability and gut inflammation in children with 
functional abdominal pain and irritable bowel syndrome. J Pediatr 
2008, 153:646-650. 

7. Francavilla R, Miniello V, Magista AM, De Canio A, Bucci N, Gagliardi F, 
Lionetti E, Castellaneta S, Polimeno L, Peccarisi L, Indrio F, Cavallo L: 

A randomized controlled trial of lactobacillus GG in children with 
functional abdominal pain. Pediatrics 2010, 126:el445-el452. 

8. Jarvinen KM, Konstantinou GN, Pilapil M, Arrieta MC, Noone S, Sampson HA, 
Meddings J, Nowak-Wegrzyn A: Intestinal permeability in children with 
food allergy on specific elimination diets. Pediatr Allergy Immunol 2013, 
24:589-595. 

9. Reynolds CR, Kamphaus RW: Behavior assessment for children (BASC). 
American Guidances Service: Circle Pines, MN; 1992. 

10. Keita Av, Soderholm JD: The intestinal barrier and its regulation by 
neuroimmune factors. Neurogastroenterol Motil 2010, 22:718-733. 

1 1 . Wyatt J, Oberhuber G, Pongratz S, Puspok A, Moser G, Novacek G, Lochs H, 
Vogelsang H: Increased gastric and intestinal permeability in patients 
with Crohn's disease. Am J Gastroenterol 1997, 92:1891-1896. 

12. Sanderson IR, Boulton P, Menzies I, Walker-Smith JA: Improvement of 
abnormal lactulose/rhamnose permeability in active Crohn's disease of 
the small bowel by an elemental diet. Gut 1987, 28:1073-1076. 

13. Duerksen DR, Wilhelm-Boyles C, Parry DM: Intestinal permeability in 
long-term follow-up of patients with celiac disease on a gluten-free diet. 
Dig Dis Sci 2005, 50:785-790. 

14. Talley NJ, Walker MM, Aro P, Ronkainen J, Storskrubb T, Hindley LA, 
Harmsen WS, Zinsmeister AR, Agreus L: Non-ulcer dyspepsia and duodenal 
eosinophilia: an adult endoscopic population-based case-control study. 
Clin Gastroenterol Hepatol 2007, 5:1 1 75-1 183. 

15. Friesen CA, Neilan NA, Schurman JV, Taylor DL, Kearns GL, Abdel-Rahman 
SM: Montelukast in the treatment of duodenal eosinophilia in children 
with dyspepsia: effect on eosinophil density and activation in relation to 
pharmacokinetics. BMC Gastroenterol 2009, 9:32. 

16. Hall W, Buckley M, Crotty P, O'Morain CA: Gastric mucosal mast cells 
are increased in helicobacter pylori-negative functional dyspepsia. 
Clin Gastroenterol Hepatol 2003, 1 :363-369. 

1 7. Yang PC, Jury J, Soderholm JD, Sherman PM, KcKay DM, Perdue MH: 
Chronic psychological stress in rats induces intestinal sensitization to 
luminal antigens. Am J Pathol 2006, 168:104-1 14. 

18. Vicario M, Guilarte M, Alonso C, Yang P, Martinez C, Ramos L, Lobo B, 
Gonzalez A, Guila M, Pigrau M, Saperas E, Azpiroz F, Santos J: Chronological 
assessment of mast cell-mediated gut dysfunction and mucosal 
inflammation in a rat model of chronic psychosocial stress. 

Brain Behav Immun 2010, 24:1 166-1 175. 

19. Santos J, Benjamin M, Yang P-C, Prior T, Perdue MH: Chronic stress impairs 
rat growth and jejunal epithelial barrier function: role of mast cells. 

Am J Physiol Gastrointest Liver Physiol 2000, 278:G847-G854. 

20. Soderholm JD, Yang PC, Ceponis P, Vohra A, Riddell R, Sherman PM, Perdue 
MH: Chronic stress induces mast cell-dependent bacterial adherence and 
initiates mucosal inflammation in rat intestine. Gastroenterology 2002, 
123:1099-1108. 

21. Santos J, Saperas E, Nogueiras C, Mourelle M, Antolin M, Cadahia A, 
Malagelada JR: Release of mast cell mediators into the jejunum by cold 
stress in humans. Gastroenterology 1998, 114:640-648. 



doi:1 0.1 1 86/1 756-0500-7-275 

Cite this article as: Neilan et al.: Intestinal permeability in children/ 
adolescents with functional dyspepsia. BMC Research Notes 2014 7:275. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



